Aims Absolute grip strength (aGS) measures are not only used to detect dynapenia, but can also provide a robust indicator of functional impairments such as mobility limitations. Mobility limitations can impact community mobility. The main objective of this study was to investigate whether dynapenia status measured with aGS can be used as a predictor of the level of community mobility measured by Global Positioning System (GPS) and the Life-Space Assessment questionnaire (LSA) in healthy older adults. It has been shown that body weight related grip strength (GS/BW) is also a clinical predictor of functional limitation. The secondary objective of the study was to assess the relationship between the community mobility and the GS/BW.
Introduction
Dynapenia is described as the age-related loss of muscular strength that is not caused by neurologic or muscular diseases [1] . This loss of muscle strength is recognized as a risk factor for aged-related disability [2] , mortality [3] , mobility limitation [4] [5] [6] and cardiovascular disease [7] and is used as a prognostic indicator of functional impairments in older adults [8] . Previous literature has also presented links between community mobility and composite scores of upper and lower extremity muscle strength in aging individuals [9, 10] . Currently, the National Institute of health (NIH) classifies older women as dynapenic if absolute grip strength (aGS) is < 19.9 kg [11] . A lower aGS has been associated with decreased mobility measured by different clinical and laboratory functional capacity tests such as gait speed [11, 12] , chair rise test [13, 14] , six minute walking test [13] , step test [14] and one leg stance test [14] . Some authors have suggested the use of body weigth-adjusted grip strenght as a better predictor of fuctional impairments [15, 16] . One of the major challenges with the interpretation of functional capacity tests of an aging individual, is its relationship and generalization to real life activity performed in the environement of a person. Community mobility is an ecologic measure of an individual's participation with the community. It is defined as the ability to move oneself among different environments beyond one's home to their surrounding neighborhood and regions expanding further [17] . It is now recognized that aGS is a strong predictor of functional impairments, such as mobility limitations measured in clinical and laboratory conditions. To our knowledge, no study has determined whether aGS and dynapenia in healthy older adults are associated with community mobility. So, the main objective of the study is to investigate whether grip strength can be used as a predictor of the level of community mobility. To address this objective, a comparison between nondynapenic and dynapenic groups for community mobility measured by GPS and questionnaire is presented. Furthermore, it has been shown that body weight related grip strength (GS/BW) is also a clinical predictor of functional limitation. Therefore, the secondary objective of the study is to assess the relationship between the community mobility and the GS/BW [15, 16] .
Method Population
For the purpose of homogeneity, and because that a higher prevalence of dynapenia is observed in women than men [8] , only women were recruited for participation in this study. Healthy women, aged from 55 to 85, were recruited from the bank of participants at the Institut Universitaire de Geriatrie de Montréal Research Centre (Quebec, Canada). Inclusion criteria were; being healthy and residing on the island of Montreal. Exclusion criteria included a diagnosis of physical, cognitive or psychological disease, having a Body Mass Index (BMI) over 30, the use of assistive devices or walking aids or any discomfort or difficulty walking. To screen the general health of the participant, a comorbidity index was used. Participants who were recruited did not present any perceived or visible mobility limitations. Two groups were formed based on a grip strength test result according to NIH recommendation [11] :the dynapenic group (aGS≤19.9 kg) or the non-dynapenic group (aGS≥20kg). Participants in the non-dynapenic group were selected a posteriori randomly to form an age match group with the participants assigned to the dynapenic group.
Data collection
During 14 consecutive days, participants wore a Global Positioning System (GPS) device continuously, measuring their community mobility during waking hours [1] or when going to bed. Participants were instructed not to change their lifestyle or their habits. Three meetings with the experimental team were scheduled (day 1, day 7 and day 14). The first two meetings took place at the participant's home. The objective of the first meeting was to initiate the protocol. The participant signed the consent form, approved by the ethics committee of the Centre de Recherche de l'Institut Universitaire Gériatrique de Montréal, and anthropometric measures were taken. The objective of the second meeting was to retrieve the GPS data and ensure participant's compliance and comfort. Finally, a series of functional capacity tests were conducted during the third meeting at the Department of physical activity sciences, Université du Québec à Montréal, Montreal, Québec, Canada. The data collection took place in Montréal, Québec, Canada, in summer 2013 and 2014 to prevent bias related to the effect of the winter season [18] .
Measurements
Dynapenia threshold: to detect dynapenia, the aGS (kg) was obtained [19, 20] . The aGS measures were performed with a dynamometer (Hand Dynamometer, Lafayette Instrument ® , USA). Participants stood upright with their arm along the side of the body without any elbow flexion and palm facing the thigh. Participants were instructed to apply as much handgrip pressure on the dynamometer as possible, performing the test with the right and left hands, one at a time for a total of three trials per hand. A rest period of one minute was given between trials. The maximum score for each hand was recorded. The measure of the GS/BW (kg/kg) was obtained by dividing aGS(kg) by weight (kg).
Community mobility measures: Community mobility variables were measured using two instruments. The first instrument was the Life Space Assessment (LSA) questionnaire [21, 18] which was used to obtain a score for the Maximal Life space (LSM). Life space is the area in which an individual purposely moves throughout in his daily life. Life space reflects the size of the spatial area, the frequency of travel within a specific time and the need for assistance, regardless of the mode of transportation [21] .
The LSM is calculated by five questions: ''During the past 4 weeks have you gone to: (1) other rooms in your home besides the room where you sleep? (2) An area outside of your home such as your porch, patio, hallway, garage or yard? (3) Different places in your neighborhood or your own backyard building? (4) Locations outside of your neighborhood but within your city? and (5) places outside your town?''. Each level of the living space is quantified from 1 (the room) to 5 (outside of town). For each level of living space the frequencies of displacement is quantified (4 = daily, 3 = 4 to 6 times per week, 2 = 1 to 3 times per week or 1 = less than once per week). The level of independence is assessed for each living space explored (2 = no assistance, 1.5 = only use of equipment or equipment usage, 1 = help of a person ). The score is computed by adding the product of the living space explored, frequencies and independence for each living space. The score range is from 0 to 120. The score calculated here is the LSM, which is the highest life-space level attained even if equipment or help from a person was used.
Community transit distances per day performed on foot (Total transit distance on foot) or in a vehicule (Total transit distance in vehicle) and geospatial dispersion (Ellipse area) of community mobility variables were computed from daily time series data from a body worn GPS receiver unit with a data logger [22] . Each variable is described in detail in Table 1 . Two GPS models were used : the Q-Starz travel XT recorder (Qstarz International Co.) and the WIMuGPS (Wireless Inertial Measurement unit with GPS) [22] . A concurrent validation was made between the two devices, which revealed good agreement between the devices when our standards of accuracy were applied. The GPS receiver unit was distributed to participants with the following main rules: (a) must be worn at the waist (a system with ergonomic belt was offered); (b) have to be worn continuously during waking hours for 14 days; (c) must have it on charge during the night. Waking hours were defined as after getting dressed in the morning and up to 9:00 pm at night or when going to bed. To help with participant's compliance, we gave them plasticized cardboard memory-aids to hang on door handles. Plus, a cellphone line was specially opened for this study. Participants were able to speak at any time with a member of the research team in case of issues or questions. Participants were instructed not to change their lifestyle or habits. Briefly, individual daily GPS coordinates (longitude, latitude) from the GPS receiver unit collected at 1 Hz were filtered using accuracy criteria (data points with accuracy >5m instantaneous or velocity changes between two consecutive data point of more than 40 m/s were removed) and interpolated into a continuous time series. Spatial clusters at home and not at home in the time series were identified and classified. Transit data points between clusters were segmented. For each day of recording, Total transit distance in vehicle (Transit-V), Total transit distance on foot (Transit-F) were computed from the time series using algorithms programmed in Matlab®. Daily values were summed and divided by the number of days of recordings. Multiple time series from the daily recording were fitted using a minimum span ellipse algorithm also programmed in Matlab. Ellipse area (Ellipse Area) from this minimum span ellipse was extracted. Daily recordings which didn't reach a threshold of 480 minutes of data per day (i.e. 8 hours) with at least 5 days were excluded from these analyses.
Anthropometrics: The weight (kg) and height (cm) were measured. The Body Mass Index (BMI) (kg/m These three tests were taken from the " Senior Fitness Test" [24] and are valid and suitable for an elderly population. Performance on the 6-minutes walking test measured the maximum distance traveled during 6 minutes (min) of walking [25] . This field test has been validated and is commonly used to assess functional capacity at submaximal level [26] . Finally, the maximum walking speed was evaluated with a standardized 10 meters (m) [27] . Table 1 : GPS-derived Community mobility measures.
GPS outcomes and units

Conceptual definition Operationalization
Transit-V (km)
Total transit distance in vehicle (speed at 10 km/h and more)
Total time that the observed subject wasn't in a cluster and was identified as being in a vehicle (> = 10 km / h at least 50% of the time on a rolling window of 90 seconds.)
Transit-F (km)
Total transit distance on foot (speed less than 10 km/h) Total time that the observed subject wasn't in a cluster and was identified as being on foot (> = 10 km / h at least 50% of the time on a rolling window of 90 seconds)
Ellipse area (km
Life space Geometric 2D area of the minimum span ellipse of the dataset over the recording period (which encompasses all the data)
Statistical Analysis
Descriptive statistics (means, standard deviation, maximum and minimum) were calculated for each variable. To address the main objective of the study, a MannWhitney test was used to compare Anthropometrics and Strength measures for the two groups. Then, a Wilcoxon signed-rank test was used to compare functional capacity performances and community mobility measures for the two groups. To address the secondary objective, Spearman correlation analyses were used to study relationships between GS/BW and community mobility measures correlation analysis. Additionally, data of the 2 groups were pooled to study relationships between GS/BW and functional capacity performances, using a Spearman correlation analysis.; Bonferroni correction was applied. Statistical analysis was performed with SPSS22 software.
Results
A total of 101 participants completed the procedures. Thirty one participants had a grip strength ≤19.9 kg. They were assigned to the dynapenic group. For each of them, a pair was matched by age (± one year). A total of 31 participants per group were included in the analysis. The 39 other participants who were not matched were excluded from the analysis. Table 2 shows the results of the Mann-Whitney tests for the anthropometrics and the strength measures. As expected, the dynapenic group had lower aGS (z=-5.3, p≤.05, r=-.67), a lower GS/BW (z=-5.3, p≤.05, r=-.67), and we a lower height (z=-1.9, p=.049, r=-0.24) compared to the non-dynapenic group. Table 3 shows the results of the Wilcoxon signed-ranks test for the functional capacity performances. The dynapenic group had a lower performance during the step test (z=-2.5, p=.011, r=-.32) and a lower walking speed (z=-2.1, p=033, r=-.27) compared to the non-dynapenic group. Table 4 shows the results of the Wilcoxon Signed-Ranks test for community mobility measures. No differences between the two groups were found for community mobility measures, either with the GPS or Life Space Assessment questionnaire outcomes. The Table 5 shows results of the Spearman correlation for GS/BW on the pooled data. Results showed significant positive relationships between GS/BW and one leg stand test (r=.353, p=0.005), step test (r=.409, p=0.001) and walking speed (r=.428, p=0.001). However, we found no relationship between GS/BW and community mobility measures (Table 6 ). Notes: Min= minimum, Max= maximum, SD= standard deviation , Step=
Step test, Wspeed= walking speed, 6MWT= 6 minutes walking test. Notes: Min= minimum, Max= maximum, SD= standard deviation, Transit-V= Total transit distance in vehicle, Transit-F= Total transit distance on foot, LSM =Maximum Life space. Notes: * Correlation is significant after Bonferroni correction GS/BW= body weight related to grip strength, Step=
Step test, Wspeed= walking speed, 6MWT= 6 minutes walking test. Notes: GS/BW= body weight related to grip strength.
Discussion
The main objective of the study was to investigate whether grip strength can be used as a predictor of the level of community mobility. The secondary objective was to assess the relationship between the community mobility and the GS/BW. While our results confirmed the relationship between a lower aGS and GS/BW [15] with lower anthropometrics and strength measures during laboratory functional capacity tests in dynapenia [11, 12, 14] , we found that poor grip strength is not a good predictor of community mobility. As demonstrated in the previous literature, aGS and GS/BW are reliable indicators of diminished functional capacity performances. The dynapenic group presented a lower performance for two tests (step test and walking speed), and the GS/BW was positively associated with three test performances (one leg stand test, step test and walking speed). Even if participants did not present with any perceived or visible mobility limitations, these two measures of dynapenia were still sensitive to in-laboratory functional capacity tests. This could mean that some functional capacity tests are more responsive to dynapenia than others. Dulac and al. 2016, showed that contrary to our results, a lower grip strength could not be associated with a lower step test performance. However only a few studies investigated the relationship between grip strength and dynapenia, and none of them presented a complete battery of functional capacity tests.
It has been suggested that community mobility is affected by a decrease of muscular strength in older aging [10, 9] . In our study, aGS was not associated with community mobility restriction for our specific population. Although our participants in the dynapenic group met the standard of dynapenia (grip strength lower than 20 kg), it is reasonable to suggest that this limitation may not be severe enough to significantly hinder results in mobility community restriction. Furthermore, we found that the GS/BW was also not related to community mobility. Despite using two different methods of measuring community mobility, i.e., a clinical recall questionnaire and a direct quantitative measure, no relationship was found between between community mobility and either measures of hand grip strength. These results to suggest that grip strength should not be used to predict the risk of mobility limitation in real life settings. Also, our results imply that functional test performances are not readily translatable to community mobility, and as such agree with Giannouli and al (2016) who acknowledged the difference between capacityrelated measures and real-life performance [28] . In fact, an individual may have the physical capacity to move freely outside his/her home, but this does not imply that he or she will capitalize on this ability and have a higher level of community mobility. Conversely, someone who presents a potentially limited body function such as dynapenic older adults may utilize different strategies to move within their community, as it is known that mobility community is a multidimensional concept which could be mediated by different factors such as, income, access to a car, etc [29] .
This study presents a real-life community mobility assessment as well as a comprehensive in-laboratory functional test evaluation. We believe it is the first to examine the relationship between aGS and GS/BW on community mobility. Although this work adds new important contributions to this field, it presents with several limitations. First, wearing the GPS could have lead to potential performance bias, and some have reported a minor discomfort caused by the device. Secondly, the use of a self report (Life Space Assessment) could have induced a memory bias. Thirdly, we acknowledge that the clinical profile of dynapenia encompasses more severely impaired individuals than participants used in the current study. In our investigation, we also excluded any participants who presented any pain or discomfort while moving to control for major comorbidity that could affect their out of home displacement. In doing so, we intended to isolate effect of the strength, and emphasize the clinical 'predictive nature' of the grip strength test for dynapenia. In conclusion, this study confirmed that grip strength is a good indicator of mobility limitations during functional capacity tests in laboratory. However, grip strength alone should not be considered as a predictor of community mobility restrictions in an older adult population.
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